Introduction: Bile duct complications are common after liver transplantation. The impact of preservation solution is unclear. Aim: We investigated the impact of different preservation solutions with and without diluted bile on a human biliary tract carcinoma cell line. Methods: The human biliary tree carcinoma cell line SK-ChA-1 was cultured with either medium or University of Wisconsin solution (UW), histidine-tryptophane-ketoglutarate (HTK) solution, Celsior or physiological saline for 6 h, 10 h or 12 h at 6˚C -8˚C and metabolic activity was measured by a MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)-test immediately, after 12 h or 24 h. Cells were also incubated in combination with diluted porcine bile. Results: Immediately after cold storage of 6 h HTK and UW decreased metabolic activity whereas Celsior increased metabolic activity after 10 h or 12 h of cold ischemia. After 12 h or 24 h no major differences were found any more. Incubation with bile in combination with HTK, Celsior or NaCl decreased metabolic activity, whereas UW abolished this effect. Conclusion: On a cellular level differences between preservation solutions were found, especially in combination with bile. Further studies are warranted to determine whether this results in clinically significant differences in biliary complications.
Introduction
Liver transplantation (LTX) is the therapy of choice for many end stage liver diseases [1] . Due to technical advances [2] and new immunosuppressive regimens [3, 4] long term survival of LTX patients nowadays reaches up to 70% over 10 years [5] . However, biliary complications, such as ischemic complications, technical complications, non-anastomotic strictures or infectious complications occur in 5% -25% and are a common cause of morbidity after LTX [6] . Besides surgical problems, bile duct damage during ischemia and reperfusion or bile salt cytotoxicity plays a major role [7] [8] [9] .
University of Wisconsin (UW) and histidine-tryptophan-ketoglutarate (HTK) are the most commonly used preservation solution for cadaveric liver transplantation [10] . Celsior is mainly used in cardiac preservation, but is also supposed to be used for preservation of abdominal organs. Several studies compared the different solutions, however, no clear superiority has been shown [11] [12] [13] [14] [15] [16] [17] [18] [19] . The influence of bile on bile duct damage during organ preservation is poorly investigated.
The aim of this study was therefore to investigate the protective effect of different preservation solutions on a human biliary tract carcinoma cell line. Furthermore, the impact of different preservation solutions in combination with variable concentrations of bile was tested for their preservation capacity.
Material and Methods

Cell Culture Experiments
The human biliary tract carcinoma cell line SK-ChA-1 [Donation from Prof. Knuth (University of Zurich, Switzerland [20] )] was cultured at 37˚C in RPMI 1640 with GlutaMAX (Invitrogen, Austria) containing 10% fetal calf serum (PAA, Austria), 1% MEM non essential amino acids (Invitrogen, Austria), 1% L-gluatmine (Invitrogen, Austria) and 1% penicillin/streptomycin (PAA, Austria) in a humified atmosphere (5% CO 2 ). After overnight culture (7 × 10 5 cells/ml) in 24 well plates, cell culture medium was replaced by either UW (ViaSpan Austria), Celsior (Genzyme, Netherlands) or 0.9% NaCl (0.9% physiological saline; Fresenius Kabi, Austria). Cell culture medium was used as control. After adding 1 ml of the different preservation solutions, cells were incubated for 6, 10 and 12 hours at 6˚C -8˚C mimicking cold ischemia time. Thereafter preservation solutions were replaced by 1ml cell culture medium and cells were cultivated at 37˚C. Metabolic activity of SK-ChA-1 cells was tested immediately as well as after 12 and 24 hours of culture at 37˚C as described below.
For the study of bile toxicity, medium was replaced by preservation solutions UW, HTK, Celsior and NaCl containing different amounts of gallbladder bile (no bile, 1:2000, 1:100, 1:50, 1:33 and 1:25) from pigs and incubated for 6 hours at 6˚C -8˚C in order to simulate cold preservation of a bile duct without flushing. Metabolic activity was tested immediately after ischemia in different perfusion solutions.
Metabolic Activity
® AQueous One Solution Cell Proliferation Assay, Promega, Austria) was used exactly as described by the manufacturer. Briefly, the preservation solutions were replaced by 1 ml medium and spiked with 200 µl MTS reagent. After 2 hours incubation with the MTS reagent at 37˚C 3 × 120 µl of the solution were transferred into a 96 well plate and the absorbance was measured at wavelengths of 490 nm and 650 nm using the SpectraMax Plus 384 (Molecular Devices, USA). The difference between the two wavelengths was determined.
Statistical Analysis
An average value from 2 × 3 different wells from each approach was calculated and the experiments were repeated 5 times. For the analyses either MTS values or normalised metabolic activity is used. Statistical analyses and graphs are created with GraphPad Prism version 5.00 software for Windows (GraphPad Software, San Diego California USA, www.graphpad.com). Comparison of the data is performed using one-way ANOVA. A p < 0.05 is considered to be statistically significant.
Results
Impact of Different Preservation Solutions on the Metabolic Activity of the Human Biliary Tract Carcinoma Cell Line SK-ChA-1
Immediately after cold storage for 6, 10 or 12 hours, differences in metabolic activity of cultured human biliary tree carcinoma cells were found. 6 h of cold storage with UW (p < 0.05), and HTK (p < 0.001) significantly decreased metabolic activity compared to medium. 10 and 12 hours of cold storage with Celsior (p < 0.001) significantly increased metabolic activity (Figure 1) . 12 hours later these differences were diminished, only UW after 6 h of cold storage showed a significantly lower metabolic activity (p < 0.05) compared to medium. After 24 h no changes in metabolic activity between the differentially treated cells could be found ( Table 1 ). 
Impact of Bile in Combination with Different Preservation Solutions on the Metabolic Activity of the Human Biliary Tract Carcinoma Cell Line SK-ChA-1
When cells were incubated with decreasing bile dilutions and one of the preservation solutions and their metabolic activity was normalized to the preservation solution alone, we found that with HTK, Celsior and 0.9% NaCl metabolic activity significantly decreased at decreasing bile dilutions (1:50, 1:33, 1:25, p < 0.01 and p < 0.001, Figure 2 ). With UW no decrease in metabolic activity with increasing bile concentrations was seen.
Discussion
Biliary complications still remain a problem in LTX [21] . Several studies investigated the differences between UW HTK and CS in liver preservation, but no significant differences were found in preventing biliary complications (reviewed in [22] ). Therefore, the aim of this study was to evaluate the influence of different preservation solutions on a cellular level with or without addition of porcine bile on the biliary tract carcinoma cell line SK-ChA-1 in terms of metabolic activity.
Cold storage temporarily changed metabolic activity of SK-ChA-1 cells stored in HTK, UW or 0.9% NaCl but increased metabolic activity of cells stored in Celsior. However this effect was completely lost after 24 h. Treatment with porcine bile at higher concentrations impaired metabolic activity of SK-ChA-1 cells but UW was able to abolish this effect.
These results of our cold storage model are not surprising since none of the common preservation solutions is superior in protecting biliary epithelial cells from cold storage and reperfusion injury. Biliary complications after LTX are also clinically not correlated with a prolonged cold ischemia time [23] . Recent studies showed that livers from donation after cardiac death can be successfully used without a major increase in biliary complications, indicating that even warm ischemia does not significantly increase biliary complications [24] . Our study also shows that UW is superior to other solutions in preserving SK-ChA-1metabolic activity in the presence of bile. This finding is surprising since UW has a relatively high viscosity that has been hypothesized to cause insufficient sinusoid perfusion or induce microcirculatory disturbances, which might negatively impact on LTX outcome [25] . UW is well known for its beneficial effects on hepatic nutrition; however because of the relatively high viscosity it might cause insufficient sinusoid perfusion or induce microcirculatory disturbances, which negatively impact on LTX outcome [26] . Several alternative preservation solutions have been developed over the years, including histidine-tryptophan-ketoglutarate (HTK) and Celsior. HTK has shown to guarantee an equal preservation for hepatocytes and due to its reduced viscosity as compared to UW solution it has been hypothesised to be more protective against the development of intrahepatic biliary complications [10, [25] [26] [27] [28] [29] . All preservation solutions contain specific components to prevent cellular damage, caused by warm ischemia, cold preservation and reperfusion [30] . These properties obviate cell swelling, reduce the oxidative injury via radical scavengers andcontain adenosine (UW), α-ketoglutarate (HTK) or glu- Copyright © 2012 SciRes. OJOTS tamic acid (Celsior) to maintain the intracellular energy level [13, 31] . Clinically, none of the solutions has been shown to be convincingly superior to the other one [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 26, 27, 32] . Bile is known to induce cell membrane damage because of their detergent properties [33] . Bile salts induce necrosis or apoptosis, but under physiological conditions several cytoprotective mechanisms are in place to protect biliary epithelium from damage [34] . Cold ischemia however can aggravate cellular damage [35] .
Our model has several limitations: First, a biliary tree carcinoma cell line might not be completely comparable to normal human cholangiocytes concerning response to ischemia and other stress conditions. Second, we have not assessed whether the cell line shows differences to normal cholangiocytes with regards to the measurement of viability used in this study. Third, we used porcine bile, which may cause cross species bile acid interactions.
In conclusion we could show that there are no long lasting differences between preservation solutions in metabolic activity of biliary epithelium cells. Furthermore we observed UW was able to prevent bile toxicity as measured by metabolic activity of a biliary epithelium cell line. Further studies are warranted to confirm the positive effect of UW solution on biliary epithelium in vivo and to study whether flushing the extrahepatic bile duct during liver transplantation with UW might be able to prevent biliary complications.
